Nonlocality without entanglement is an interesting field. A manifestation of quantum nonlocality without entanglement is the local indistinguishability of a set of orthogonal product states. In this paper we analyze the character of operators to distinguish a set of full product bases in a multi-partite system, and show that distinguishing perfectly a set of full product bases needs only local projective measurements and classical communication, and these measurements cannot damage each product basis. Employing these conclusions one can discuss local distinguishability of full product bases easily. Finally we discuss the generalization of these results to the locally distinguishability of a set of incomplete product bases.
(1)
Operator A iN , B iN , C iN can be expressed as (see Appendix in this paper, or Ref. [17] ): , and similarly for B iN and C iN . Obviously, the effect of the local unitary operator 3) is to change the bases of the subspace projectived out by the projective operator 1), and does not affect the distinguishability of the possible states {|ψ k , k = 1, · · · , M}. So A iN in (2) can be replaced by
and similarly for B iN and C iN .
M} is a set of complete orthogonal product states in a multi-partite system. The states {Ψ k } are LOCC perfectly distinguishable if and only if the states are distinguishable by projective measurements and classical communication, and these measurements cannot damage each state |Ψ k .
Proof: We first prove theorem 1 for the cases of bi-partite systems. The sufficiency is obvious. We need only prove the necessity. Suppose that Alice and Bob share a n ⊗ m system which has nm possible OPSs {|Ψ k = |υ k A |y k B , k = 1, · · · , nm}, where |υ k A , |y k B is a state of Alice's and Bob's, respectively. If the set of states {Ψ k } is perfectly distinguishable by LOCC, there must be a complete set of final operators {A if ⊗ B if } representing the effect of all measurements and communication, such that if every outcome if occurs Alice and Bob know with certainty that they were given the state |Ψ i ∈ {|Ψ k }. This means that: 
and |Ψ j (j = i) do not contain any product vectors in (5), i.e., each product vectors in (5) is orthogonal to |Ψ j (j = i). Since for a n ⊗ m system the vector which is orthogonal to In fact, suppose that during the first measure to distinguish the states {|Ψ k } (suppose Alice do the first measure) if an effective operator A i1 does not project out an intact OPS, but a part of a OPS, then the two orthogonal parts of the OPS are orthogonal to nm−1 orthogonal states. This is impossible. On the other hand, after Alice and Bob finished the first measure and get a outcome, the whole space collapses into a subspace and the OPSs in this subspace form a set of complete bases of the subspace. So the sequent measures have same property as the first measure. Let's now prove that the set of final operators {A if ⊗ B if } can be carried out by projective measurements and classical communication. To achieve this, we consider the Alice's first measurement described by {A i1 }
Operator A i1 project out a subspace of Alice spanned by Alice's bases |φ
A . This subspace should contain some intact Alice's vectors of the OPSs (since A i1 should project out some intact OPSs). Since all OPSs {|Ψ k } are eigenvectors of the operator A i1 , if {A i1 } is effective to distinguish the states {|Ψ k } then so does operators {A
Operator A Theorem 2: A set of states {|υ i A |y i B , i = 1, · · · , nm} is nm OPSs in a n ⊗ m system. If for every given state |υ i A |y i B , there are n − 1 states υ
and |υ i A , |υ 
and |y i B , |y
are linearly independent, then states {|υ i A |y i B , i = 1, · · · , nm} are not LOCC distinguishable.
Proof: Suppose Alice do the first measure (Alice goes first [7] ). From theorem 1 it follows that all states {|υ i A |y i B , i = 1, · · · , nm} are eigenstates of Alice's first measure described as A j in (7). If |υ i A is a eigenstate of operator A j with non-zero eigenvalue, equation (8) 
Case 2 The following 16 OPSs in a 4 ⊗ 4 system are indistinguishable.
|Ψ 9,10 = |1 ± 2 A |4 B ; |Ψ 11,12 = |3 ± 4 A |2 B ;
Case 3 The following 64 OPSs in a 4 ⊗ 4 ⊗ 4 system are indistinguishable.
Where |Ψ i is a state in case 2.
Employing the above theorem 2, we can prove the cases 1 and 2 easily. In case 3, Charles can do the first projective measurement by operators |1 1| , |2 2| , |3 3| , |4 4| . But after Charles's first round measurement the states of Alice and Bob' part will collapse into some indistinguishable OPSs |Ψ i AB s. So the OPSs in case 3 is indistinguishable by LOCC.
Locally distinguishing a set of full OPSs needs only local projective measurements and classical communication. Can this conclusion be generalized into a set of incomplete OPSs? A set of following OPSs shows it is not always true. Nine OPSs [18] |Ψ 1,2,3 = |Ψ 1,2,3 AB |x C ;
|Ψ 4,5,6 = |Ψ 4,5,6 AB |y C ;
where
) is a state in (10), |x = |1 ; |y = (|1 + √ 3 |2 )/2; |z = (|1 − √ 3 |2 )/2, can be distinguished by Charles doing the first measure described by operators
C 21 = 2 3 |y * >< y * |;
where x|x * >= y|y * >= z|z * >= 0, and
After Charles get a outcome, 9 OPSs in (13) collapse into locally distinguishable 6 OPSs. However, states |Ψ i (i = 1, · · · , 9) in (13) cannot be distinguished by local projective measurements and classical communication.
In conclusion, we analyze the character of operators to distinguish a set of full OPSs in a multi-partite system, and show that to distinguish perfectly a set of full bases needs only local projective measurements and classical communication, and these measurements cannot damage each OPS. Employing these conclusions one can discuss local distinguishability of full product bases easily. An open question is that whether these conclusions can be generalized to the local distinguishability of states in a quantum system, the sum of Schmidt number of the states is equal to the dimensions of Hilbert space of the system. Another open question is that which classes of operators can be carried out only local projective measurements, since local projective measurements are easier to be achieved than generalized POV measurements.
is a set of Alice's orthogonal and normalized vectors;
is a set of linearly independent (possibly unnormalized) Alice's vectors [19] . We take another set of orthogonal and normalized vectors α
and similarly for α 
where u jk is an element of the unitary matrix [u] . Taking (16) we can rewrite (15) as
Obviously,
Eq. (20) can be expressed explicitly as similar as Eq. (18) .
is a set of physical states, the mixture of these states, 
According to Wootters' criterion [20] , the two sets of pure states, β 
